Introduction
Nonalcoholic fatty liver disease (NAFLD), one of the most common liver diseases worldwide, can be categorized histologically into nonalcoholic fatty liver (NAFL) or nonalcoholic steatohepatitis (NASH) [1] . Accurately evaluating liver fibrosis stage in NAFLD patients is of importance for identifying those who may progress to liver cirrhosis and hepatocellular carcinoma. Although a liver biopsy is the gold standard for diagnosing and determining the stages of fibrosis, there is an urgent need to develop noninvasive methods [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , including imaging modalities [13] [14] [15] [16] [17] , biomarkers [18] [19] [20] [21] [22] [23] [24] [25] [26] , and artificial intelligence algorithms [27] [28] [29] [30] [31] [32] .
The purpose of the present study was to perform proteomic screening of plasma via SCIEX TripleTOF 5600 System [33] [34] [35] to identify potential noninvasive biomarkers in NAFLD patients with significant/advanced liver fibrosis.
Methods

Patients
Plasma samples were acquired through the 'Prevalence and Risk Factors for NAFLD in patients with T2DM' study conducted at the Royal London Hospital, Barts Health NHS Trust, United Kingdom (U.K.). The study was approved by the National Research Ethic Service (Reference 14/WA/1142) and carried out in accordance with the World Medical Association Declaration of Helsinki. Written informed consent was obtained from all participants.
Histological evaluation
All patients enrolled in the present study had undergone a percutaneous liver biopsy. Fibrosis stage was scored according to the Kleiner classification [36] on a 5-point scale (F0-F4).
Clinical and biochemical data
Relevant clinical data were recorded, including the patients' age, sex, weight, and height. Body mass index (BMI) was calculated as weight (kg) divided by height (m) squared. Venous blood samples were collected in lithium-heparin tubes and plasma was stored at −80 • C until analysis. Laboratory evaluation in all patients included measurement of the serum levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT). Liver stiffness for all patients were assessed by FibroScan.
Proteomics and data processing
Plasma was assayed for total protein (Bio-Rad Protein Assay) and 5 μl was digested with trypsin (1:10 ratio enzyme to protein) for 18 h at 37 • C following following reduction and alkylation as we previously described [37] . Peptides were desalted using solid phase extraction cartridges (Strata-x, Phenomenex) and eluted sequentially in 25% acetonitrile/0.1% formic acid and 45% acetonitrile/0.1% formic acid. Each peptide fraction was diluted 1:4000 in 0.1% formic acid and 10 μl injected on to a 2-cm c18 trap column (Dionex pepmap100, Thermo Scientific). Peptides were separated on a c18 analytical column (15 cm × 75 μm, Dionex pepmap 100) for 60 min from 0.1% formic acid to 50% acetonitrile/0.1% formic acid. Data were acquired in IDA mode on a SCIEX 5600. Wiff files were uploaded to Progenesis Qi or converted into .MGFs for MASCOT searching (v2.4) against the human proteome database (Swis-sProt/UniProt; 2015) before being loaded to Scaffold Q+. Both Progenesis Qi and Scaffold Q+ were utilized to determine significant protein differences to construct a consensus differential protein list to reduce analytical bias of a single software platform. Proteomics data of the present study has been loaded into the ProteomeXchange database (Submission Reference No.: 1-20190126-112361).
Statistical analysis
Statistical differences in Progenesis Qi were determined using ANOVA of log2 transformed data and P-values corrected for local false discovery rate (q-value). Proteins with q-values less than 0.05 were considered different. Statistical differences in Scaffold Q+ were determined using a t test of normalized spectral abundance factors (NSAF) as a comparison with Progenesis Qi results. NSAF values were not transformed for normality, nor were P-values adjusted for multiple comparisons. For statistically different proteins (Progenesis Qi), receiver operating characteristic (ROC) curves were created in Sigmaplot plotted using the data from Progenesis Qi, and the areas under the ROC curves (AU-ROCs) were calculated in order to represent classification performance. Correlation analysis was performed by using the Pearson's correlation coefficient test in SPSS (IBM). Differences were considered to be statistically significant at P<0.05. Patients with significant/advanced NASH fibrosis had elevated liver stiffness (P<0.001), Fibrosis-4 (FIB-4) score (P<0.01), and a higher prevalence of diabetes (P<0.001). 
Differentially abundant plasma proteins
ROC curves
Classification performance was estimated using AUROCs for the five consensus different proteins identified. As shown in Figure 3A , the AUROCs for those proteins elevated in NASH patients with significant/advanced fibrosis (F2-F4) are 1.00 (Complement component C7), 0.87 (α-2-macroglobulin), and 0.79 (Fibulin-1), respectively. As shown in Figure 3B , the AUROCs for those proteins reduced in NASH patients with significant/advanced fibrosis (F2-F4) are both 0.80 (Complement component C8 γ chain; α-1-antichymotrypsin).
Correlation analysis
As shown in Table 3 * Correlation is significant at the 0.05 level (two-tailed). † Correlation is significant at the 0.01 level (two-tailed).
Figure 2. The volcano plot of all proteins identified in the Progenesis Qi analysis
Complement C7 was circled above and was three-fold higher (log2 = 1.65) in the NASH group with significant/advanced fibrosis (F2-F4) compared with the early NASH (F0-F1) group (actual q-value = 3.6E-6, but was changed to 0.0001 for display purposes).
Discussion
The present study showed for the first time that Complement C7 and C8 γ chain and Fibulin-1 significantly correlate with liver stiffness. Moreover, Complement C7 acted as a potential biomarker to identify those NASH patients with significant/advanced liver fibrosis.
The complement system, a phylogenetically ancient makeup of the humoral system, consisting of a cascade of proteases and soluble factors, plays a vital role in innate immune [38] . The role of complement in liver diseases is less well characterized. The complement components C3 and C5 were reported to be associated with NAFLD [39] [40] [41] and C5 had a causal role in liver fibrogenesis [42] . There are strong and persistent stimuli for complement activation in NAFLD through multiple pathways, including the classical pathway and the lectin pathway [43] , as well as the alternative pathway [44] . The complement component 7 (C7) is a terminal component of the complement cascade. The role C7 plays in the pathogenesis and progression of NAFLD are largely unknown. Our results showed that C7 was three-fold higher in the NASH group with significant/advanced fibrosis (F2-F4) compared with the early NASH (F0-F1) group, consistent with previous studies [45] , suggesting C7 might be an important contributor in the pathogenesis of NAFLD. The exact mechanisms of C7 in the progress of NAFLD need to be further elucidated.
One limitation of our pilot study is the relatively small number of patients. Nevertheless, the sample numbers were sufficient to show significant differences in plasma proteins between early NASH and NASH with significant/advanced fibrosis in a conceptual approach. In summary, the present study demonstrated that Complement C7 and C8 γ chain as well as Fibulin-1 significantly correlated with liver stiffness. Elevated levels of Complement C7 were detected in NASH patients with significant/advanced fibrosis and were a perfect classifier for patients included in this pilot study. Further studies in a larger validation cohort will be needed to confirm the utility of complement proteins as potential biomarkers or mechanistic determinants of progressive NASH.
Perspectives
• Accurately evaluating liver fibrosis stage in NAFLD is important because it enables the identification of those most likely to progress to liver cirrhosis and hepatocellular carcinoma. Although a liver biopsy remains the current gold standard for diagnosis and staging of liver disease, it is invasive, costly, and with inherent risks; hence there is an urgent need to develop noninvasive methods.
• Proteomic screening of plasma via SCIEX TripleTOF 5600 System identified potential noninvasive biomarkers of NAFLD patients with significant/advanced liver fibrosis. Complement components C7 and C8 γ chain, and Fibulin-1 significantly correlated with liver stiffness.
• In this pilot, high levels of Complement C7 were associated with NASH with significant/advanced fibrosis and Complement C7 is a perfect classifier of patients with NASH.
